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Water-soluble coumarene dertv. Is obtd. by reacting coumarene 
deriv. of formula (I), where Rl Is H. C6H5. COCH3; R2 Is CH3; R3 is 
H: R4 Is H, CH3; R5 Is NH2, OCOCH3, N(C2H4)2; R6 Is H or CH3, 
with beta-cyclodextrin or carboxymethyl-beta-cyclodextrin, at 
molar ratio i:(3-7). Reaction Is conducted with mechanical mixing 
of powders of starting materials in presence of glass or quartz 
spheres, at room temp., for 20-40 min. at centrifugal acceleration 
rate 2O-60g and followed by dissolution of obtd. complex In water, 
heating to boiling point, cooling and filtration. Obtd. satd. so In. Is 3 
times- diluted with water to produce soln. of active medium for laser 
tests. 

Tests show that prod, has E gen equal 120-395 mj and 
photostabllity 70.9-166 kJ/1, while prototype method produces no 
photo- stable generation. 

USE/ADVANTAGE - In quantum electronics, as the method of 
prodn. of sol. form of coumarlne deriv. for use as active medium for 
laser. The method provides prod, of required properties. 
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r/ie Ri= H. C5H5; COCH3; R2=CH 3 ; R3=H; 
R*=H. CH3; Rs=NH 2 . OCOCH3. N(C2H 4 )2: 
Rg=H. CH3, no/^BeprawT B3ai/iMOfleucTBnio c 

/7-UMK/lOflCKCTpMHOM H/1M KapGOKCMMeTM/l- ^ 
UMK/IOfleKCTpMHOM npil MO/lflpHOM COOTHOUJe- 

hmm 1:(3-7) b unjxe- nopowxa npw 
MexaHMMecKow 3ktwb3umm npw KOMnaTHOM 
TeMnepaiype b TeMeHne 20-40 mmh npw aem- 
po6e*HOM ycKopeHMM 20-60 g, c noc/ieAyra- 
u4mm pacTBopenMeM no/iyMeHnoro KOMn/iexca 
b Bo/ie. HarpesaHiieM ao KimeHMfl, ox/iaxae* 
HneM m <t>n/ibTpauneM. 3HeprnR reHepaunn 

EreH KpaCMTe/lR 1 20-395 Mfl>K, 4>OTOCTOMKOCTb 

£,70.9-166.0 Kflx/n. 1 T a6n. 



H3o6peTeHne othocmtc* k o6/i3ctm kbsh* 

TOBOM 3/ieKTpOHMKM M MOtteT 6blTb MCnO/lb30- 

aaHO npw pa3paGoTKe TexHonorMM no/iyMeHMq 

BOAOpaCTBOpMMblX <{>OpM np0M3B0flHblX KyM3~ 

pnHa. npuroAHbix Mcno/ib30B3HMfl b xane- 
CTse sktmbhom cpeAbi /i33epa. 

npoM3BOflHwe xyiwiapMHa miipoKO Mcno/ib- 
3y«T b xaMecTae aKTMBHwx aeaiecTB b ziasepax 

M/IM OHM flB/inK)TC5l H3M6o/iee 3<t>(J)eKTMBHblMM 

na3epHUMM KpacMTennMM. ntOMMHecuMpyK)- 
U4MMM b CMHe-3e/ieHOM 06/iacTw. 

KaK npaawno. Ann stmx ue/ietf npMMenflWT 
pacTBopw npoM3BOAHwx xyMapMHa b opraHM- 
MecxMx paciBopMTe/ijix. a Mcno/ib30B3Hne boa- 



HbJX paGTBOpOB 60/lbUJMHCTBa 3((><t)eKTMBHblX 

xpacMTenew p«Aa xvMapMHa b 3HaMMTe/ibHOM 
Mepe 33TpyAHeHO M3-33 hw3kom pacTBopwMo- 
CTM npOM3BOAHWX xyMapwHs b BOAe. 

B /iMTepaiype MMewTcn cseAeHM* 0 tom, 

WTO npM 06pa30BaHMM KOMn/ieKCOB bk/ikdmchmb 

opraHnneCKMx coeAMHeHMtf ("rocTb") c mwk/io- 
AexcTpwHaMM ("xoannH**) Ha6/iK)AaeTc« yp.e/iM- 
MeHne pacTBopMMOCTM Mo/iexy/i VocTfl" 0 
boahwx pacTBopax. 

H3BecTen "xMAKO^asHbiM" cnoco6 no/i- 
yneHMfl xoMnnexcoB BK/iK)MeHiiq opraHimecKMx 

COeAMHeHMM C UMK/lOAeKTpi1HaMM. 33K/lK)Mai0- 
UJMWCH B C/ieAy»OU4eM. LiMK/lOAeKCTpMHU 
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(CL*f)*Y M/1M MX np0H3B0AHWe) paCTBOpPHDT B 

boas npn onpeAe/ieHHow TeMnepaType m pH 
cpeflu, k pacTsopy AoGaBnnioT opraHMMec*oe 
semecTBO /im6o ero pacTBop (b paantmHbix Be- 

COBWX COOTHOUJeHMflx), nO/lHOCTbK) M/IM M3C* 
TMMHO CMeUJMBatOlUMMCfl C pdCTBOpdMM 

UMKHOAeKCTpuHa. 06pa30BdBiuyiocn CMecb 
nepeMeujMBatOT npn onpeAeneHHOfl TeMnepa- 
Type Heo6xoAnwoe &r\9 nposeAeHMfl peaxunn 

BpCMfl, 33TeM OX/13>KAaK)T H KpHCTa/l/)M3yK)T B 

TeneHue Hecxo/ibKiix nacoB. l/l38ecTHUM cno* 

C06 n03BO/l$ieT nOBblCMTb BOAOpaCTBOpMMOCTb 

opraHMHecKnx coeAMHeHnw. OAHdKO, not\- 
yMMTb reHepauwio KOMnneKCOB oxniOMeHMfl op- 
raHimecKMX coeAwnenMfi ne ecerAa yAaeTca. 

HaiiGo/iee 6/im3kmm no caoeii TexHMMe- 
ckom cymHocTM k 3an B/ifleMOMy flo/iaeTcn cno- 
co6 nonyHeHM5i UMKnoAeKCTpMHoewx 
KOMnnexcoB BK/iioMenMa npousBOAHbix KyMa- 
pMHa, onwcanHufi o pa6oTe. flOKa3aHO. mto 

npil paCTBOPGHMH 7-OKCM-., 7-MeTOKCM-, 7-aMM- 

ho. 7-AM3TM/iaMiiH0 m AP- npoM3BOAHbix 4-Me- 

TM/lKyMapMHa M UWK/lOAGKCTpWHa B BOAe 

o6pa3yeTC» KOMn/ieKC BK/iKweHMfl, npw 3tom 
Ha6niOAaeTC» ycw/ienne wmi 3aTyxaHM&$nyo- 
pecueHMnn, a b pnAe cnynaes yBe/iwneHMe 
KBaHTOBoro BuxoAa /ifOMUHecuenunn. 

ripn o6pa3ooaiiMn KOMnneKca b hcmakom 
<|)33e MMeiOT MecTo Aoa Tuna c3anMOAe^CTBMJi 

MO/ieKy/t UMK/inACKCTpMHa C npOM3BnAHL-IMH 

xyMapuHa. flepBWM Tun B3anMOfleftcfBv?fl - 

B3ailM0AGMCTBHe C BHeUJHCM HOBepXHOCTbtO 

UUKnoAeKCTpviHa 3a cne* o6pa3CBaHn« Mew- 
MO/ieKy/inpHwx Bc.^op ahwx CB«3ew rvtAPO- 
KCM/ibHbtx rpynn "xo3flMHa" c Kap6ominbHoA, 
ruAPOKcu/ibHOii. aMMHorpynnofl m/:m APyrviMM 
?3MecTMTe/inMM "rocTn , \ B 3tom cnyMae umk- 
noAeKCTpMH BHCTynanT b po/im nosepxHocTHo- 
aKTMBHoro BemecTBa m oGpaaycT c 
3aMemeHHbiMM KyMapMHa pa3nMMHbie no co- 
da By Mnue/iflpHwe CTpyxTypw. 

BT0P0rt TMn B3aWMOAeMCTBMB - B3aMM0- 

AeviCTBue npou3BOA"bix xyMapuna c BHyrpGH- 
Heii noBepxnocTbio UMKnoAexcTpMHa n 

06p330B3HMe^ KOMn/lGKCOB BKSllOMeHMR. fl/lfl 

Toro, mto6w Mo/ieKyna Kyvtapnna Mor/ia npo- 
HMKHyTt b no/iocTb uMKnoACKCTpMHa, ert neo6- 
xoammo npeoAO/ieTb onpeAe/ieHHbiA 
3HepreTimecKMrt 63pbep, cBR3dHHbiM co CTe- 
puMecKMMM npennTCTBHAMM. Ec/in Moneicynn 
HenonnpHa m HaxoAHTcn e no/in phom paCTBO- 
puTe/ie, to B03HMKaeT TepMOA^H^' msec km ne- 
ycTOMMMBoe cocTonnwe. cnoco6cTqyK>mee 
npoHWKHOBemuo Mo.neKyn "coctjT b rwApo- 
4>o6Hyw nonpcTb rifl. 

flo3TOMy a^« npeoAO/ieHMn SHepreTMMe- 
ckoto 6apbepa o6pa3oeaHMn KOMnneKca 
BK/iK)MeHMn hco6xoamm noA^op onpeAeneH- 
Huxyc/iOBMM nposeAeHMn npouecca KOMnneit- 
coo6pa30BaHM(t (pacTDOpMTe/ib, pH cpeAu. 



TeMnepaTypa. BpeMn m ap ). flpM stom. noH«T- 

HO, MTO B 33BMCMMOCTM OT yenOBMM nOflyMeMMfl 

o6pa3y»omMecfl KOMn/ieKcw MoryT cymecTBeH- 

HO 0T/lMM3TbC» no CBOMM <$)M3MKO*XMMMHeCKMM 
5 XapaKTepMCTMKBM. 

Rna MSBecTHoro "^cnAKo4>a3Horo" cnoco- 
6a no/tyMeHMfl KOMn/ieKCOB BK/noneHMn npeo6- 
/)8A3»omMM ABflneTCfl nepawrt Twn 

B38MM0AG ACTBMA , a BepOflTHOCTb BTOporO TM- 

10 na B3aMMOA6MCTBMfl Ma/ia. BMecTe c TeM, 
o6ecneveHMfi na3epHbix cbomctb y nony^ae- 
Mux KOMnneiccoB Heo6xoAMMbiM nB/ineTcn 
npeo6naAaHM6 BToporo Tvina b33mmoaghct- 

BMfl. (l09T0My M3BeCTHbJM , *JICMAKO<J>a3HUM , ' 

15 cnoco6 He BcerAa nosso/iseT nonyMMTb boao- 
pacTBopMMbie UMK/iOAexcTpMHOBbie KOMn/ieK- 

Cbl BK/ltOHeHMfl npOM3BOAHblX KyMapMHB, 

npwroAHwe a^« Mcno/ib3osaHMfl a KanecTBe 
aKTMBHOM cpeAu na3epa. 
20 Ue/ibio npeAnaraeMoro M3o6peTeHMfl ab- 
nneTCfl no/iyMeHMe npMroAHbix wcnonbso- 

BdHMfl * K3MeCTB6 3KTMBH0M CpeAW /ia3epa 
UMK7IOA3KCTpMHOBblX KOMn/ieKCOB BK/lfOHeHMfl 
npOM3DJAHUX KyMapMHd. 

25 riocTaB/ieHHa« ue/ib AOCTMraeTcn TeM, mto 
npM pea/iH3auMM cnoco6a no/iyMeHMn BOAOpa- 

CTBOPMMUX (|>0PM npOM3BOAHblX KyMdpMHd. 
OCHOBaHHOM H3 B3aMMOAeMCTBMM npoM3BOA- 
HWX KyMapMHa C UMKflOAeKCTpMHaMM, bboaat 
30 BO B3aMM0AeftCTBMe noppUJKM -UMKJIOAeKCT-. 
PMH8 09-UJQ) M/IM KapGOKCMMeTM/l^-UMKJlOAeK- 
CTpHHd tf?-KLVU C npOM3BOAHUMM KyMapMHa 

o6mew 4>opMy/iu: 
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rAe RyH, Ar, Hex. C-O-C-O-OR 1 : R7-OH, 
OCOCH3. NH 2 . NRT R 1 " R 4 ; R5; Re: Re; R 1 . R*!.R= 
«H. Alk m noABepraioT MexdHMMecKOMy B03- 

45 AeMCTBMK) (aKTMBaUMM) CTeK/lflHHblMM flM6o 

KBapueBWMM tuapaMM b Te^/iOHOBUx /im6o 
APyrMx MHepTHbix 6apa6aHax npw komhbthoA 
TeMnepaType b TeseHne 20-40 mmh npM ucht- 
po6e^HOM ycKopeHMM 20-60 g m Mo/ibHOM co- 

OTHOLUeHMM COOTBBTCTByiOlAerO KyMapMHa K 

^lW(/3-KLW)1:(3-7), 

B OT/1MMM6 OT ")KMAKO<t>a3HOro" (M3BeCTH0- 

ro) cnocoGa no/iyneHMn e npeo/iaraeMOM cno- 
co6e KOMn/ieKC BicniOMeHMfl no/iyMaeTcn b 
TsepAOM $aze nyTeM mht«hcmbhoh MexaHMMe- 

CKOM 06pa60TKM CMeCM nopOUIKOB KOMnOHeH- 
TOB. MTO npMBOAMT K aMOp4»H38UMM fi~UJ\ ifi 
-KLUU M "paCTBOpeHMW" M0/16Ky/l TOCTfl B 

aMop^Hwx 06/iacTflx uMKiioAexcTpMHa Mflw ero 
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npOM3B0flHWX. npM 3T0M, M3CTb MeXdHMH6~ 

ckom 3HeprnM. o6pa3yiouieiicB BC/ieacT«ne 
nHTeHCMBHoro apameHnw KBapueawx (cTex- 

/lflHHblx)ujapOB M nopOUJKOB MCXOflHblX KOMnO* 

hchtob, 3aipaMMBaeTCfl Ha noBwiueHMe 
BHyipeHHeii SHeprwn cmctcmw. b nepeyio one- 
peflb, ee K0/ie63Te/ibHyK> m BpsmsTenbHyio co- 
ctb Bn a k? tune, mto cnoco6cTByeT chatmw 
CTepHMecKnx npennTCTBMPi npw Bxo^eHMn a 
no/iocTb UMK/ioAeKCTpuHa. KpoMe Toro. Mexa- 
HMMecxafl aKTMBaun«.no3Bo/ifleT co3A3Tb b pe- 
skumohhom Macce Bwcoxne Ase/ieHMa (b 
3aancnM0CTM ot ueHTpo6exHoro (t)3KT0pa 

"g"), B03HMKaK)lUHe B MOMeHT CTO/lKHOBeHMfl 

Bpamaiomnxcfl sacTwu flP yr c APyroM m co 
CTeHKaMii 6apa6aHa. a Tax>Ke rpaHcnopT pea- 
reHTOB flpyr k flpyry 3a cweT CABura Ae<f>opM3- 

UHM. 

B KOMnneKce MoneKy/ia "roc™* cueAP* 
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etc* b no/iocTb miKjioflewTpwHa m yAeoxMBa- 20 «n™ W etW5 P aCT0 °P" M ° r ° KOMn.exca 
•to. b He, 3 a cser aaHAepaaa/bco ? Ex ° rT^r. n P° M3BO AHoro WP hh. c /J-LW 



eTcn b Heii 3a cmct BaHAepaas/ibcoBCKMx cm/i. 
npw 3tom o6onoMxa M3 a -D : rn.K)KonnpaH03- 
Hbix flAep/8-LW 0?-Kn/l) no3Bo/ifleT samninib 
MO/teKy/iy3aMemeHHoro xyMapuHaoT Hexe/ia- 
Te/ibHwx c tom km 3peHMfl reHepamw, 4>otoxm- 
MMHecKMx npoueccos. npoTexaioinnx hoa 
003AeMCTBneM ^cecTKoro y/ibTpa(|)Mo/ieTOBoro 
cseia m MoneKy/iflpHoro xnc/iopoAa. kotopwm 
ocerAa npMcyTCTovcT n oacTBope. 

yMeHbweK"-; McibHoro cooTHoweHwa 
npon300AHoro k/mspmhs k Ltq MeHee 1;3 cy- 
uiecTE.u:.-: ■• -Hn^aeT pacTBopMMocTb komh- 
ziexca BK/iioneHUfl e BOAe m npaxTHMecKii He 
nsMeHflet reHepamiOHHbie xapaKTepMCTMKM 



xocTb no cpaoneHMK) c HacwuueHHWM boahwm 

paCTB0P0M MCXOAHOfQ KyMapuHa. 

yse/iMMeHne BpeMeHM MexaHWMecxoM 06- 
paSoTKM m ueHTpo6e*Horo ycKopeHnq sume 
3aAanHbix eepxHux npeAe/ios ne CKa3WBaeTcn 
Ha y/iymueHMn renepauMOHHwx xapaxTepw- 

CTMK 3KTMBH0M CpeAbl. 

Mcno/ib30BaHMe A*fl npMroTosneHM* kom- 
n/iexcoB BK/iK)MeHMfl Kap6oxcMMeTn/i- {} - UMIt . 
/»OAeKCTpMHa. no3so/»fleT HecKo/ibico 

HOBWCMTb MX paCTBOpMMOCTb B BOAe R0 C P 3B- 
HeHMK) C COOTBeTCTByKUHMMM K0Mn/)eKC3MM C 
P -UMKTIOAeXCTpMHOM, MTO npeACTdB/weT co- 
6om MHTepec npw no/iyMeHMM KOMn/ieitcoB 

BK/IIOMeHMfl TpyAHO P3CTBOPMMWX n P OM3BOA" 
HblX KyM3pMH3. 

KoHTpo/ib reHepauwoHHwx napaMeTpoa 
nonynenHoro npeA/iaraeMbiM cnoco6oM coot- 
BeTCTBywmero BOAopacToopuMoro xoMn^exca 
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pacToopoMc'a^oroLa^HTHa'o^^r^ 35 '^"T™ no VPObh,o 0.5 co- 



' r " KI -WJ ocymecTB/7fl/icfl b Koaxcua/ibHOM na- 
aepe na KpacviTe/ie c /iMMnoBOM HaKaMxoii. Pe- 
30HaTop /ia3epa 6w/i o6pa30Ban n/iocxMMM 

3e P K3/iaMM C K03(})<f>l1UHeHT0M OTpa^eHllfl - 

99.9 n 35.0%. AKTiiBHafl cpeAa noc/ieAOBa- 
Te/ibHO 3a/inea/iacb b mi/iMHApi-iMecKyio KK)Be- 
Ty na3epa AnaMeTpoM 5,5 mm m a/iuhom 385 hm. 
CwcTeMa B03Gy>KAeHMfl cocTo«/ia 113 onTMMe- 

CKOU K03KCM-3/lbHOMflRMnbl.3anO^H#5HHOI»l"'0- 
HOHOM AO A3B/ieMM.q. TO" 3 da. 3/ieKT P MMGCK3fl 

3Heprnfl H3K3MKH Eh=395 flx. KtOBeTa c sktmb- 
hom cpeAOM m ziaMns noMeuua/iwcb a OTpaacs- 

Te/lb M3 0KCMA3 MarHMfl. DllTdHVie /laMHbl OT 
MCT0MHMK3 /1XH-406. fl/lMTCTlbHOCTb CBeTO" 



Psctbopom caMoro xyMspuHa. Hanpn M ep. kv- 
MapnHa 120. 

H36wtok UMK/ioAexcTpMHa no3Bo/ifleT no- 

BblCMTb paCTBOpHMOCTb KOMfl/ieKCa BK/lK)Me- 

hmji b BOAe 3a cneT AencTBMn Monexyn uq xaK 40 
noBepxHocTHo-aKTMBHoro BemecTsa. n P n 
3tom AOCTMraeTCfl Heo6xoAMMan onTuweCKan 
n/i0TH0CTb pacTsopa Ann no/iyneHmi s^^ex- 
tmbhom reHepsqiiM cpeAw. BepxmiM npeAen 

KOHUeMTpaUMM UMK/lOAeKCTpMHa, P3BHWM 7 45 

Mo/ib H3 1 Mo/ib xyMapnHa, o6yc/ioBneH TeM 
mto. 33 r P 3HM 4 eM AaHMoro npeAena OriTMMe- 
CKMe CBOMCTBa BOAHoro pacToopa pe3K0 yxyA- 
iiisiOTCfl. 5o/?bUjafl xoHueHTpaqup Mo/iexy/i 

Oq OPMBOAMT K 06pa30BaHMHD KO/l/lOMAHOrO 50 

pacToopa m cpwBy reHepaunn ec/ieACTBue 

CM/lbHOrO P 3CCeflHMfl. 



yMeHbiueHMe MexsHimecxo* o6p36oticm 
cmccm pesreHTos MeHee 20 mmh h qeHTpo6e)K- 
Horo ycKopeHMA MeHee 20g hpmboaht k o6pa- 

30B3HMK) KOMH/iexCa BK/ltOMeHUfl TO/lbKO B 

He6onbujMx ico/iMHecTBax. mto ne nosBo/ineT 
noaucMTb SHepriiio reHepaumi m 4>otoctom- 
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CTaB/ineT 178.5 mkc npw ^pome HapacTaHun 
22 mkc. SHeprwfl reHepaunii M3Mepn/iacb npn- 

60POM 14MO-2H. OoTOCTOMKOCTb 3KTMBHOM 

cpeAbi onpeAenn/iacb nyTeM MHoroKpsTHoro 
06/iyMeHiin CBeTOBWMM nMny/ibcaMM ao no/iHo- 
ro MCMe3H0BeHMA reHepaunM. npw 3T om noA- 
CMMTUBanocb HMWO MMny/ibcoB. a 3aTeM 

onpeAe/in/iscb cyMMapHap ee/iimnHD ^ e 
nepecMeTe na nuTp aKiMBHoft cpeAw. 

3a*B/iBCMoe TexnnNecKoe petueHtie v\n- 
/ifOCTptipyercn cneAyiouuiMM npuMepaMii koh- 
xpeTHoro Buno/ineHMfl. 

npuMepl. B 6apa6aH MexaHWMecxoro 
aKTMBaTopa (n/ianeTapHaa. uapoBan, m ap. bh- 

Abl Me/)bHMU) C Te*/10HOBblM BK/iaAblLUeM 3a- 

rpy*aiOT 25 r CTex/iflHHbix nw6o KBapueewx 
luapoB AnaMGTpoM 5-7 mm; 0,176 r (0.001 
Mo/ib) 4 MeTM/i-7-aMMHOKyMapnH3 m 5.675 r 
(0.005 Mo/ib)£-UA. CMecb nopoiuxoe noAoep- 
rsioT MexaHMMecKoti o6pa6oTxe b TeneHne 30 
mmh npM ueHTpo6e^HOM ycxopeHMM 40 g m 
nocroflHHOM ox/i3)K^eHMM ctghok Hapa63Ha 
boaom. noc/ie Mcro nopoiuoK Bbirpy:KaK)r. ot- 
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Ae/iam ot uiapoB n roTOBnr HacbiineHHwti 
BOflHbid pacmcp KOMnneKca. <flnn 3Toro 1 r 
no/iyMenMoro noc/ie aKrueauMn nopowKa ne- 
peHocsiT b KOHyc. 3a/iMBaiOT 50 m/i boaw, Ha- 
rpeB3K)T ao KMneHHn n KunrnqT o TeneHMe 5 
MMHyT. fl o/i yM e h h ti i/i T3KHM oGpa30M pacTBpp 
oxnaxflafOT, BWAepwwRaKH b Te^eHwe cyroK m 
Ha c/ieflyiomuM aeHt <{)M/ibTpyioT. Ha cneiapo- 
4)OTOMeTpe onpeAenn»oT onTHMecKyto n/iOT- 
HOCTb <J)n/ibTpaTa b nepecMere Ha KiOBeiy 
to/iiamhom 1 mm o MaKCMMyMe norviomeHMfl H 
paccHMTwaaioT KOhneHTpautno HacwiueHHoro 
pacTBopa KOMnneKca. nonyMaiOTvln or n=343 hm- 
D=3.98. C=2.517-10" 3 MO/ib/n. 

HacbimeHHbii^ ooflHWM pacTBop uwc/10- 
AeKcrpMHOBoro KOMnneKca 4-MeTM/i-7-aMMH0- 
KyMapima pa.^63B/ipioT AMCTMwiMpoDaHHofi 
boaou d Tpvi pa3a. PlonyMaiOT pacTBop KOMn- 
neKca BK/iKwemia c onnniecKow n/ioTHocTbro 
panHOM 1,36 b naxcMMyMc no/iocw b c/ioe 1 
mm, 3annnaiOT d KioDOTy /ia3epn m noABeprawT 
ncnbiTamiqM n yc/iODM5ix t ormcanHbix outije. 
no/iyseriHaa rencpauHfl nr.iecT c/ieAyramwe xa- 
paKTcptiCTUKu: Eren = 276 mA*. 4>otoctom- 
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KocTb y 



150.0 k/4>k//l 
n p ti m e p 2. npn co6/ifOAeHMM ycnoBnw 
npHMepa 1 nopoiuoK 4-MeTM/i-7-aMMHOKyMa- 
pnna h ft -\\J\ u Mo/ibHOM cooTHOiueHMn 1:3 
nnaBepra/in f.-cxaiiwrecKOM o6po6otkc m totc 
_om;i»i _nar»:neHHbHLt:oAHbiM pacrrpnp Kownnci 
ca, MMejomurt c/ieAyramiie xanKTepMCTKKw: 
>W/,-343 hm. 0=3.23; C-3.Q.V, 10' 3 mojib/h! 
Paa6aD/iemnM ^lorn. r w-in.iyio cpeAVC on- 
rivHCCKOi"! nm'-TMOCT'uir) b MsiccMMyMe nor-:: ye- 
Hun, paenof: 1.3 f c/ioe 1 mm. Hcny^e^nar. 
renopamm mmcct c/icr/iciuwe xapaKTepMCTM 

km: ErcH-270M/J;K f <[>orocTCMKOCTb £=157,5 

Kfl>K//l. 

fl p u m e p 3. ripu co6nio, .^hmm ycnounfi 
npuMepa 1 nopoujKii 4-MeTM/i-7-aMMnoKVMa- 
piina m ft -HA n McnbMOM ccmiuuiemMi 1:7 
noABeprami MexaHMMec-OM otipaGoixe m r jto* 
nv^n HacbJutcHitbiM boahmh paci uop KuMnnex- 
ca, MMeicuMfi CiieAytomiie ^apai:T§n,- CTMICt1 - 
Wn=343 hm: DK3.76 02.38'! MO^Mo/ib//!. 
Pa36aBnemieM roToonr aKTMBnyio cpeAy c on- 
TimecKOM n/ioTnocTbio o MaiccuMyr* nornouie- 
Hwa, paBiioii 1.32 j cnoe 1 ms. rio/iyMem-._;i 
reMepam;;i MMeeT cnoAywiane ;.u;.i;K,epMCTw* 

km: EroH-395 m/I*, ^oTOCTOMKocTb 165.5 
K^:»://i. 

11 P M M e p 4. ripn C06/lK)AeMMM yC/10BMM 

npMMopa 1 nopoiuKvt 4-MeTM/i-7-3MMHOKyMa- 

PMH3 M /?-Ufl U MO/lbMOM COOTHOUjeHMM 1:2 

noAaepranM McxaninncKOM oOpauoTKe m toto- 
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BM/1M HaCWlAeHHWM BOAHbIM P3CTB0Q KOMO/ieK- 

ca. MMewiAMM c/ieAyramwe xapaxTepMCTMKM: 
Wn=343 hm. D-0.86. C=5,46 10* 3 Mo/ib/n. B 
KanecTBe aKTMBHOM cpeAw Mcno/ib30Bancfl na- 
cwmeHHMM pacTBop. no/iyneHHap reHepauMn 
MMeeT c/ieAyioiAMe xapaKTepwcTMKM: Ere H =128 

M/l)K. <t>OTOCTOWKOCTb 90.5 k/1)k//1. 

n p ii m e p 5. ripw co6/i»OAeHMM yc/iOBM« 
npMMepa 1 nopoiuKM 4-MeTM/i-7-aMMH0KyMa- 

PMH3 M ft B MO/IbHOM COOTHOUJCHMM 1:8 

noAsepra/iw MexaHMnecKOM o6pa6oTKe m toto* 

8M/1M HaCUmeHHbIM BOAHbIM paCTBOP KOMn/ieK- 

ca, MMewmMM c/ieAyioiAMe xapaKTepMCTMKM; 
Wi,=343 hm. D«3,80, C=2 t 410'10" 3 Monb/n. 
Pa36ae/ieHMeM roTOBAT axTMBHyro cpeAy c on- 
TMHecKOM n/i0TH0CTbK> b MaKCMMyMe nor/iome- 

HMJl P3BK0M 1 ,30 B C/lOe 1 MM. npM yK33aHHOM 
K0/1MM6CTBGHH0M C0A6PK3HMM KOMn/ieKCd 

BK/iKOweHMn Bp-UJX reHepauMA H e Ha6/iioAaeT- 
Cfl. t.k. M3nyseHMe HaKaMKM cw/ibHo nornoma- 
eicfl b npwrpaHMMHOM c/ioe 3ktmbhom cpeAbi. 

fl p m m e p 6. Flpw co6nioAeHMM yc/ioBMM 
npMMepa 1 nopouiKM 4-MeTM/i-7-aMMHOKyMa- 
PMHa m ft-WJX noAeepraiOT MexaHMMecKOM aK- 

TMBaUMM B TeMeHMe 20 MMH M rOTOBflT BOAHbIM 

pacTBop KOMnneKca, MMetoiAMM c/ieAyiomwe 
xapaKTepMCTMKM: ^, 0 r/»«343 hm. D= 3,69. 
C=2,35-10" Mo/ib//i. Pa36^a/ieHMeM Hacw- 
iqeHHoro pacTBopa KOMn/iexca roTOBm 3ktmb- 
Hyio cpeAy c onnmecKOM n/ioTHocTbio b 
MaKCMMyMe npr/iomeHMH paBHon 1 .30 a croe 1 
mm. Flo/tyMeHHafl reHepauMn MMeeT cnenvto- 
lAMe xapaKTepMCTMKM: Er e „=240 m^x, 4>uto- 
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55 



CTOMKOCTb I H «150 KA>K//1. 

n p m m o p 7, ripw co6/iK)AeH:iM yc/iOBiui 
npMMepa 1 nopouiKM 4-MeTM/i-7-aMMHOKyMa- 
DiiHa w ft ~\}J\ noAseprawT MexaHMMecKOM bk- 
TMBaqMM <j TeneHMe 40 muh w roToenT 
HacwmertHbiM boahwm padoop KOMn/ieKca.Ko- 
Topbm MMeeT c/ieAywiAMe xapaKTepncTMKM: 
Wn=343 hm. D=3.55. C=2,249 tO" 3 MO/ib//i. 
Pa36aBneHMCM HacwmeHnoro pacTaopa KOMn- 
neKca roToosrr aKTMBHyto cpeAy c onTimecKOM 
nnoTHocTbio b MaKCMMyMe nor/iomeHM« pae- 
hom 1.2 8 c/ioe 1 mm. rio/iyneHHafl reHepauMn 
MMeeT cneAyiomMe xapaKTepMCTMKw: E re H-390 

MflK. *OTOCTOMKOCTb 1 60.5 k£>k//I. 

n p M M e p 8. flpM C06/IK)AeHMM yC/lOBMM 

npMMepa 1 nopoujKM 3aMemeHHoro xyMapMHa 
m ft -UJX noAeepra/iM MexaHMMecKOM o6pa6oT- 
Ke b TeneHMe 10 MMHyT m totobm/im Hacwiuen- 

HWM BOAHbIM paCTBOP KOMn/ieKCa, KOTOPWM 

MMeeT c/ieAy»omMe xapaKTepiicTMKM: 
W/1^343, hm. D=3.43. C=2.170-10* 3 Mo/ib/n. 
Pa36aoneMMeM HacbiiAenHoro pacTBopa KOMn- 
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/lexca roTOB.^T nuTMBHyio cpeay c onuiMecKoii 
n/iOTHocTbto o MaKcuiMyMr? nornouieMM.q pan- 
hom 1.25b c/ioe 1 mm. rio/iyMeHHaq renepaunq 
nMeeTC/ie/iyiomnexapaKTcpMCTukii: E,p„^ 120 

n p m m e p 9. ripw co6/uoflCHUM ycnoBut* 
npuMepa 1 nopoujKM naMeuienHoro KVMapnn3 
n/J -li/l no/\nepra/m MexaHunecKOO oGpaGor- 
Ke b reneHwe 50 MUHyt m roTOBM/m HacuuieH- 
HWH BOflHbu'i pacTsop KOMn/lCKCa. KOTOPWM 
MMeeT c/ieayioinne xaoaKTepucTHKH: 
hm. D=3.56. C-2.250-10 3 MO/ib//i. 
Pa363B/iemieM HacbiiuenHoro pacrBopa kom- 
n/ieKca roTOBflT SKTMBHyio cpezjy c onTHMCCKoPi 
nnornocTbio b MaKCMMyne nornouiOHuq pan- 
holi 1,28 b c/ioe 1 mm. nojiytiemnn reHopauim 
MMeeTcneflyiout'.ie xapaKTepMcrncn: E IO n-395 
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UM0 B '; 1 ^™e-,, ft: nornnuinn M « pa 8 „o« 1 , 8 
o cnoc I mm. rio/iy-ieHHan renepauMn M „ P « 7 
c/i M y.ouuin xapaKTepucTv.Kn: Ere^-130 m/Jx. 

tOTOCTOHKOCTb ^-75.0 K/1hc//|. 

nnuMPn^ 7 6 P C06fl "^ Y^OBHM 

PHHa H fl-im no^epra.or ^^0^1 
r M na UMM opii ueiiT P of>e*HOM ycxopeHH* 80q 
" roroBRT HacwmeHMwft pacToop KOMnneica 
ii m e K) U4 m m c/ie fl y,oujti e napaMerpbr* 
A.or»-343 hm. D-3.80. 02.41M()3 M o/ib//i* 
Pa36aB/teH MeM Hacwmemioro pacrsopa b 
M0KcnMy Me nor/iomeHiig r5B Hofl 1 25 b c/roe 1 
mm. no/iyieHHan renepauMfl MMeer c/ie«io- 
iune xf»pai:repncrM K ii:Ere.,'395 m/Ik. 4,010. 



K/J>K, ^OTOCTOMKOCTb £ * 105.5 KJX>i'Jn. 

n p m m e p 10. Ilpw coG/tioflemiti yr./ioBnw 
npuMepa 1 nopoujKn 4-mgti i/i-7-aMMHoi'.yMa - 
pnHa c ft -IJ/4 no/^oepraiOT Mcxa:iM'iccnoM ai; 
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TUBanMH npn U e„r P o6e:*HOM ycKope.uu, 20g 2S « Z^I Te " n *P^YPe 80-90>C 



H rOTOBflT HaCbllUeHllblM BOflHWM pacTBop KOM 

n/ieKca. MMeioauin c/ie/*yiOLuwe xapain epncni- 
km: Anor/r-343 mm. O- 4.10. O 2.602 '10* 3 
nojib//i. Pr;»!. ; an/!C!, MeM HacuiuienHoro pac- 
TBopn komt', 1 x.a roTOBPT .iKTMPMyio cpe^y c 
cn-MHec -cf' nMOTMOCTbio o MaKCMMyMe nor/ior 
moinn pfcuHoti 1,30 n cnoc I mm. no/ty'icimas 
renepaunn MMeeT cne/iyioiun^ /apaKrepi-ic™- 



CTOMKOCTt J^=166.0 K/IHC//I. 

fl n mm e p 14 (no nporouiny). HaeecKy 
4-MeTMn-/-.n M nHOKyMapMna (0.176 r, 0 001 
Mo/ib) pacTBopnioT npn narpenaHnn e 100 m/i 
uoflu. ;io6aBiisiiOT 5.675 r (0.005 Mo/ib) /?-LLQ 
n ncpeMoujimaiOT npu TeMnepaType 80-90 p C 

/If! n /■ l n unrn nn^^ 



■ ww, VOICW 

pf5aKunoHHyio CMecb QbuepKHoaiOT npn 3T0 m 
TeMnepaiype a TCMeHwe 5 hacob t; ox/iaxcflawr 
!\o KOMMarnoM TeMiicpaiypw. noc/ie nero oc- 
i h^ho.;. . Har;,, e/1 y IO | 1 „ 1 ri fl eiibObinaB- 

30 u'ihi ocaAOK OT.-|.HabTpoowoaiOT. a n 3 
'Nam paia Aono/iHirre/ibHo cnnproM Pwra^H- 
BaiOT KOMn/ieicc. Cbtpow nopoiuoK BucyujiiBa- 
wt na noG/iyxo h totobpt nacwmeHHuft 

kh: Ere.1^250 K^. *OTo C ToflKocTb S -150 0 3' c n ^ xapaKTepn- 

ou,u 35 r -TtiKn. / norn -343 hm. D= 4. 38. C-0 3 0^0* 10* 3 

K n n * , , Mo/ib//t. PaaOaa/ieHMeM HacwmeHHoro pac- 

1 1 p m m e p 11. npn coCi/homhmm yc/iOBLut T °0P3 roTODaT aKTHHKvio cpeAy c onumecKOM 

npuMepa 1 nopoujKii -4-mg n-i/i-7 - MUHOKyMapw- naomocTbio o MnKcutMyMe nor/iomenM» oan- 

H3 n // -LLQ noAocpraior r <cx;!HimecKOfl aKTM- H(),: ' ' 25 d c/ioe 1 mm. Tttwp^m h G no/iyweHa 

BaMiin npn ueMTpoGo^HPM ycKopeiuui fiOg t-1 40 »e To/ibKO npit 3 tom cooTHoineiinti ppareinon 

roTOonT HacbimeHHi.:t> pacrnop kom n/tCKca. M0 " n P» mo/ilmom conn.oiijcHn.i 3aM e- 

MMeiomMM c/ie/jyioimie xapaKTepiiCTMKM: mcuHoro KynapMna k ft-\j!\ pariHOMy M 1-3 

W-343 hm. D-3.56. C-2.255- 10' 3 Mo/ib/11. 1:7 cooToeTCToeimo, u T0 oGycMonnoHo " oeDO- 

HaaoaB/iemieM M?cumeiiMoro pacraopa kom- flTH0 - o6pa30Damu ;I .i KPMn/ieKc^ ok/ik^mchma 

n/iCKcaroTOBJiTaKTMBHyjocpoAyconTiviccKOvi 45 flpyroro cipoemi». 

n/iDTHnrTkin n miltk.. ,. .~ n *t- 



n/]0TH0CTbio b MaKciiMyrie nor/ioiueHMfl paB 
hom 1.2 o c/ioe 1 mm. Ho/iywenHap rcnepaqnn 
MMeeT cne^yfoatue xapaKTppwcTHKM: E rcH =380 

K/IXC. <t>OTOCTO*KQCTb ^ =100.0 K^Hc//!. 

n p n m e p 12. (Igm coLi/iioacHiiM yc/iOBMM 
npuMepa 1 nopoujKM 4- M eTM/i-7-ar.iMHOKyMa- 
pnna m ^-LUl noflBepraior MnxannMecKOM ax- 
TusauMM npn UEiHTpo6e>KHOM ycKop^HMM 1 0g 
m roTOBflT HacwmeHMbiM pacroop KOMn/iP K ca 
MMewiuMM c/ie/iyioiuMe xapaKTepHcniKw' 
Anor/,-343 hm, D=4.56, C ^2.893 -10 J Mo/ib/n 
Pa36aBneHiieM nacumeimoio nacTBopa toto- 
Bnt axTMBnyw cpe^y c onnvtccmu „nuni 0 - 



n p n m e p 15. non coG/iioflCHtui yc.ioBtu-1 
npiuicpa 1 0.176 r (0.001 M( ,„ h ) 4-t*enw-7- 
aMMHOKyMapHna m 7.38 r (0.005 Mo/ib) /? -KUfl 
no.acepra/iM mkxohiimockom oGpaOofke u roro- 
50 o»*nn HncwLUGmiuu DO^Hbin pacroop komh/ick- 
ca. KOTopun hmc/1 c/ie/iyioume xapaKTepucTHKw 
; n "'^ 345 Hw - DM.42. C-2.795 10~ 3 Mo/ib/n 
Pr336ao/ienneM HacuuwHuoro paciRopa komh- 
nnKca roTOB^i aKTn B nyio cpe^y c onrnMecKOH 
55 nnoTHQCTbio b MaiecnwyMe nornorneMnn paB - 
hou 1.24 n c/ioe 1 MM.-nonyienna* reticpaniiq 
mmoct c/ie^yiornHC xapaKTepiiciMKM: E- 315 



M,/l,;i;. forocTOir:Of: 
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n p m m e p 16. 50 ma aKvioiiovt cpe/\w na 
ocHoae BOAHoro pacroopa CMecw 4-MeTnn-7- 

aMMHOKyMapMHa W /? -KUA C MO/lbHbIM coot- 
H0UJ6HM6M 1:5 C00TBSTCTB6HH0 3a/U1BaK)T 0 

KioBeTy na3epa m noABepraiOT ucnwTaHMflM b 5 
yc/iOBMnx, onucaHHwx Bbiuie. TeHepaunfl He 
nonyneHa, mto o6ycnoB/ieno OTcyTCTBtieM b ax- 
TtiBHOft cpe^e KOMn/ieKca BKmoMeHnn. 

(1 p h m 6 p 17. 50 M/t aKTiiDHoui cpeAu H3 10 
ocHOBe HacumeHHoro BOAnoro pacTBopa 4- 
MeTnn-7-aMMHOKyMapiiHa npw KOHuenTpaunn 
3.55*10* 4 MO/ib/n m onTMMecKOM nnoTHOCTbio. 
paBHOft 0,56 b M3KCMMyMG no/iocbi nor/iome- 
hhh (An 0 ni= a 343 hm) b c/ioe 1 mm 3a/iuiBatOT b 15 
KioBeTy ziaaepa n noABepraiOT wcnbiTaHiisiM b 
yc/ioBMflx. onucaHHux Bwuje. nonyMcnuafl re- 
Hepauww mmsgt c/ieAywuine xapaKTepncTMKvi: 

EreH^^O Mfl>K. <J)0T0CT0CiK0CTb 70,5 .20 

Pe3y/ibTaTbi wcnbuaHmfi npuocAeHu b 
Ta6/iwue. Kax bmaho h3 npiiBeAeHnow Ta6/in- 
Ubi, co6nK)AeHne 3aaBnneMbix napaMeipos 

npMBOAMT K AOCTHJKeHMW TlOCTaB/lGHHOM lie/lM. 

CD o p m y n a M3o6peTeHnn 
Cnoco6 : no/iyMeHMA BOAOpacTBopwMOw 
<J)opMb» npow3BOAHoro KyMapiiHa nyTeM b33h- 



MOAewiCTBMfl npon3BOAHoro KyMapwHa o6metf 
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W R3-H. CeH 5 . COCH3; R4-CH3: 

Rs=H: 

Re=H: CH3: 

R7-NH2. OCOCH3, N(C2H4)2/ 

Ra-H. CH3. 

c unioioAeKCTpMHOM n<|)M/ibTpauMert npoAyKTa 

peaKUMM, OT/lMHaiOlUMftCfl reM, MTO. c 

ue/ibio o6ecneMeHMfl y ueneeoro npoAy*Ta 4>o- 
TocTotfxofl reHepauMM. b KanecTBe unx/iOAex- 

CTpMHa MCnO/lb3yK)T (3 -MMK/IOAeKCTpWH M/1M 
Kap60KCMMeTHn^5-UMKnOAeKCTpi1H. B3aMMO- 

AeftCTBue BeAyT npM MexaHwnecKOM cMewe- 
hum nopoiuKOB npowsBOAHOro KyMapwHa w 
yKa3aHHoro uwioioAeKCTpwHa npii mo/wphom 
cooTHOuj^HMM 1:3-7 cooTaeTCToeHHO b npM- 
cyTCTBtin cTex/inHHUx M/iM KBapueswx tuapoB 
b TeMenvie 20- 40 mmh npw u6HTpo6e>KHOM yc- 
KopeHMu 20-60g. a nepeA <J>unbTpaunea npo- 
Ay kt peaKUMM pacTBopniOT b boas npw 
TeMnepaType KMneHwn CMecw m ox/ia)KAaK)T. 



sv 




flOOM- 




r.y»*.ip<'iia 






ycnoSMfl 






P*CTBOOKHOCTk • 


H|0 


nn 


















[ MM* 
















V 










IlCMTPO- 


KoHueHtpauMn 


I D 1 1 w 


















nTH.Hr«'l - 
M r «7- 


■ ! .0? rrtt- 




Mf.cJne»«ioro ion 
mo ro pscTiopa, 


















| J1H 


G 


Mom/n 




1 
1 


til. 


C!. ( 






tin 


1,5 


:o 


1.0 










1 




CM, 










un 


1:5. 


:o 


1.0 


2,517- 10" 


3,93 


: 




CHj 






Wi, . 






1:3 


30 




2 ( 0d7O0'' 




3 




CH, 












1:7 


30 


/.o 


2,33d- 10 M 


3.7f 


d 




CH, 












1:2 


30 




j^SMO"* 


0.56 


s 




CH, 






n.; 






\:H 


10 


>.o 


i.dio.io** 


3.69 


L 




CH, 












1:5 


:o 


dO 




J»69 


7 




CH. 






IK, 








dO 


dO 


2,2d?.l0 ' 


3.55 


6 




CM, 






tr... 






1:" 


'.0 


do 


2,170- ia ** 


3.>3 


9 




CH, 














50 ■ 


dO 


2.250' 10"' 


3.56 


10 


CH, 






mu 






1:5 


30 


20 


2 .6020 0' 1 ' 


-.dim 


tt 


CH, 












1:5 


.30 


60 


2.25SO0 0 


' 3.S6 


12 


CM, 












1:S 


30 


' 10 


2,893* I0* 1 


d.56 . 


13 


* v '. 












l:P 


JO 


63 


1 Ml.|O r> 


3.80 


Ik 

15 


cu ; 
tit, 




TO j 






t , 
1:5 


Do npc 
30 . 


00 


3,066 10*' 
2,795»10'' 


d.SS 
d>2 


Ife 


«; 


1 




mi t 






1:5C 










17 


r.Hj 




HI'.! 












3.5MO^"- 


0,56 


\B 


CH 


3 








1:5 


30 


dO 


- 2,2-10**' ; 


3.75 


19 


CH 


t 








::5 


r« r,x>ToT»*ny 


1,2.13*^ 


3.75 


20 


CH 


\ 






' -u 


1:5 


30 




?,dW10"- 


3.0 


21 


c::. 






Mi 




1 tS 


fC ItCOTOTMni 


2>1 -10* 3 


3.8 


22 


CH 


i 




0M 




:'1 


I: 4 . 


3: 




2,25*10'" 


3^0 


2) 


n 






es 








(10 ftDOTOTKny 


2,25-.10 _J t 


3.0 


2d 


CI, 




0H 




mm 


ItS 


30 


dO 


2,38- 10'' 


3.7 




25 


CH. 




011 






1:5 


no npotoTMny 


2,38-10** 


. 3.7 




26 


Hs -1 
CH. 




H<c.r. 4 ), 


111 


tiS 


20 


dO 


2,5-tO' ,; 


3.58 




27 




v.tz t 






1:5 


to ro 




2,5. 10* 1, 


3,58 



Ere»« t 



276 158,0 

270 if 7.7 

335 :i6s,5 

-126 90,5 



2d0 
390 
120 

395 
250 
380 
ISO 

355 



15*, 0 

160,5 

72.0 

1*5,5. 

155.0 

160,0 

75,0 

166,0 



3*5 160,0 

120 70,9 
80 59.3 

93 CO 

50 95 

5 - - . 
. 76* 115 
7 - 
110 -9l.d 



Best Available Copy 



13 



1772118 



14 



KT3 
X C 
$0- 
;eK- 
AIWA 
MO- 

ue* 
i u 

tOM 
PM- 
50B 

yc- 
po- 

r. 




t toner »o KjrxapMMa 
T 



r 

*»-••*-- JL. ...... 



Ummao 
Pmm 



!»<C,II,^ 






1:5 








1:5 


ococ*^ 






1:5 


OCOCH, 






1:5 


ococm, 




WW 


1:5 
1:5 








*<W, 


CH t 




1:5 




CH ( 




1:5 




CH A 


WW 


1:5 


«<c iVl 


CH ( 




ttS 




CH ( 


ua 


1:5 


"fc,n T ) t 


.CH, 


-•». 


1:5 
1:5 






•on 


n(c ( n t \ 


™!... 




1:5 











— 1 

J*«m* TiieM^. 



L I 
JO to 

"o npOTortmr 
30 to 

30 to 

30 to 
1o npororivfjr 
30 to 
to BOO tot Nny 
30 to 

*V> ftpOTOTKfty 

30 to 

1*0 npotoTHny 



P »CT i0P «MOCT h »" H,0 

D ■ f 



'•CO (MCTIOM 



2.5- 10*'- 
l.S.I0 J ? 
2J-I0 V 
2.3-IO**' 
2.7*. lO"* 1 
2.38.10** 

2.et.io*' ■ 

2.02. 10* 1 
2.12O0 : ' 
2,1200*' 
3.5. tO - * 
J>5.10-' " 
3.S.I0*" 
3,5.10*' " 




Peaarrop T.MaaHOBa 



CocTaBMTe/ib T.KaflMHMHa 

TeXPeflM MopreHTa / - KoppeKxop H.Tyn^a 

3aw3 3812 ^~ 

BHMMnw rocyaapcTBeMHoro .„„„,„. noanncHoe 



npOM3BOflCTBeHHO-M3flaTe/IbCKMW KOM6mH3T "riaTeHT* r V~ — 

~~— — — — — !_? • r. VJKropoa. y/i.rarapwHa. 101 



Stoichiometric Model of a-Cyclodextrin Complex Formation 



THOMAS W. ROSANSKE and KENNETH A. CONNORS * 

£S£ iv<d Oc,ober 9 - i979 - ,rnm ?he School of Pharmacy. University of Wisconsin. Madison. Wl 53706. 

t9o0. 



Accepted for publication January 7. 



Abstract O The solubility, spectral, and kinetic methods were used to 
study complexing between a -cydodextrin (ligand. L) and 3,5-di- 
methoxycinnamic acid, benzalacetone, and methyl cinnamate (substrates, 
S). In aqueous solution at 25° and with an ionic strength of 0.01 M the 
foliowmg stability constants were found <*„ for SL and K l2 for SL*)- 
3.5-dimethoxycinnamic acid. K , i * 1966 M' 1 and K x7 * 0; benzalacetone, 
K „ = 105 M~ l and K l2 = 15 Af" 1 ; and methyl cinnamate. K „ * 1200 
Af ~ and K l2 53 50 M~ l . A model of complex formation is proposed that 
can account for the observed stoichiometry and that yields stability es- 
timates for two isomeric 1:1 complexes in the systems in which a 1:2 
complex forms. For cinnamic add, benzalacetone, and methyl cinnamate, 
stability constants are inversely correlated with the substrate dipole 
momenL 

Keyphrases □ o-Cyciodextrin— complexation with 3,5-dimethoxy- 
cinnamic acid, benzalacetone, and methyl cinnamate, stoichiometric 
model O Stability constants— complexes of a-cyclodextrin with 
acid, benzalacetone, and methyl cinnamate □ Complexation— a-cyclo- 
dextrin, stoichiometric model 

A previous study (1) showed that trans- cinnamic acid 
forms 1:1 (SL) and 1:2 (SL 2 ) complexes 1 with a-cyclo- 
dextnn (cyclohexaamylose) in aqueous solution. Therefore, 
knowledge of the factors that influence the stoichiometric 
relationships in such a system and that control the mag- 
nitudes of the complex stability constants was desired. For 
this purpose, the complexing of several substrates struc- 
turally related to cinnamic acid was studied in aqueous - 
a-cyclodextrin solutions. These substrates are 3,5-dime- 
thoxy-frans-cinnamic acid (I), benzalacetone {trans- 4- 
phenyl-3-buten-2-one, II), and methyl trans- cinnamate 
(III). The complexing behavior was studied by the solu- 
bility, spectral, and kinetic techniques. 

EXPERIMENTAL 

Materials— 3,5-Dimethoxy-trons- cinnamic acid* was recrystallized 
twice from water, mp 174.6-175°. Benzalacetone 2 was recrystallized twice 
from n-hexane, mp 39.7-40.7° [lit. (2) mp 41-42°|. Methyl franj- cin- 
namate 3 was distilled under reduced pressure, bp 95-97° (10-12 mm Hg) 
mp 32.9-33.9o [lit (3) mp 33.5-34.5°]. a -Cydodextrin' was used direct?* 
drying to constant weight at 90° indicated 9.77% water content, corre- 
sponding closely to the hexahydrate (9.99% water); [ajg +150.4 ± Z2° 
(10 measurements) [lit (4) (ajg +150.5°). 

Procedures— The solubility and spectral studies were carried out as 
described for cinnamic acid (1), except that in the solubility technique 
the supernatant solution was analyzed spectrophotometrically after 
appropriate dilution. For the 3.5-dimethoxycinnamic acid, this dilution 
was made a basic pH to minimize spectral perturbations caused by 
complexing since it is known (5) that acid anions complex less strongly 
than the parent car boxy lie acid. 

A kinetic method was used to study methyl cinnamate. Increasing 
amounts of a-cyclodextrin were weighed accurately into a series of 10-ml 
volumetric flasks and were dissolved in pH 10.36 carbonate buffer. To 
each flask, 0.2 ml of a saturated aqueous solution of methyl cinnamate 
was added. The solutions were brought to volume with the carbonate 
buffer. At recorded times, samples were analyzed spectrophotometrically 
at 295 nm. The kinetics were apparent first order. 



All studies were carried out at 25.0° and an ionic strength of 0 01 \i 
The stability constants are defined by: 



1 The substrate (cinnamic acid in this 
I cydodextrin i is represented by L 

2 Aldrich. 7 

3 Eutmin. 

4 Sifmj lot I06C-0046-I. 



example) is represented by S, and the tizand 



K 12 ' 



, 1SL) 
|S|[L| 
1SL»| 
[SL)[L| 



(Eq.i, 
(Eq.2. 



RESULTS 



3>Dimethoxycinnamic Acid— UV spectra of 3,5-dimethoxycin- 
namic acid with varying concentrations of a-cyclodextrin revealed isoa- 
bestic points at 231, 240, and 300 am; these isosbestic points were pre- 
served even at high ligand concentrations. This behavior is consistent 
with 1:1 stoichiometry, and the Beoesi-HUdebrand double- reciprocal 
plot is shown in Fig. 1. Least-squares analysis gave K n = 1970 A/" 1 . 

Figure 2 is the solubility diagram for this system. The linear rise in total 
solubility is consistent with 1:1 complexing, and the stability constant 
evaluated from the line (excluding the three highest points) was K n . 
l *&0 M~\ in excellent agreement with the result from the spectral study. 
(The deviation of the three terminal points is attributed to a small 
spectral perturbation caused by complexation in the analytical solution.) 
The well-behaved isosbestic points, the linear spectral and solubility 
plots, and the agreement of K n values from the independent spectral 
and solubility studies all indicate that this system is described fully by 
1:1 stoichiometry. 

Benzalacetone— Figure 3 shows the solubility diagram for the ben- 
zalacetone system. The initial rising portion is followed by a plateau re- 
gion, and then a decrease in S, occurs with a shoulder unusual in such 
diagrams. The shape of this curve will be discussed. Analysis of the solid 
phases gave the following results for 10*1* and x L . where x L « the mole 
fraction of cydodextrin in the solid: 2.90, 0.26; 4.90, 0.60; 6.01, 0.61; &90 
0.65; 8.02, 0.66; and 10.1, 0.67. These data show that at least one complex 
with a stoichiometric L to S ratio of greater than unity must be 
present 

Interpretation of the initial rising portion in terms of 1:1 plus 1:2 
complexes, as described previously (1,6), shows that the slope of the line 
is 0.50, which implies that K n = l/«o, where s 0 is the solubility at L, - 
0. This relationship gives AC tI = 105 Af" 1 ; with K n = I /s<>, the data can 
be fitted regardless of the value of K x 2 . Thus, the solubility study showed 
that a complex of higher L to S stoichiometry must be present and yielded 
an estimate of K u . 

The spectral date showed isosbestic points at 241 and 304 nm; these 
points were lost at cydodextrin concentrations of greater than -0.007 




Figure l—Benesi-Hildebrand plot for the 3.5-dimethoxycinnamic 
acid-a-cyclodextrin system at 25° with a wavelength of 291 nm. a path 
length of I cm. a total substrate concentration of 4.54 x /0' 5 M, and 
a pH of 2.3. L x represents the total ligand concentration (moles per liter), 
and AA is the change in absorbance. 
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figure 2— Solubility study of the 3,5-dimethoxycinnamic acid-a-cy- 
riodextnn system at 25°. The substrate solubility at L x = Ois 1.51 X W 4 
M; S x represents the total substrate concentration. 

V, indicating the presence of at least two complexes. The spectral results 
it 291 nm are given in Fig. 4. The smooth curve was calculated by as- 
sisting 1:1 and 1:2 complexes, fixing K u at 105 Af* 1 (from the solubility 
<fcU), and allowing K l2 and the complex molar absorptivities to function 
■ adjustable parameters, as described previously ( 1 ). The resulting values 
mnKu * 105 M'\ K u = IbM'Khau « 4500. and Ao l2 = 6600. where 
= as - on, etc.. with a representing the designated molar absorp- 
tivity. 

Methyl C in inmate — The solubility plot for methyl cinnamate (Fig. 
5) » qualitatively similar to that of benzalacetone. The solid phase 
wrysis again gave evidence of a 1:2 complex (lO 2 !* and xl): 2.00, 0.17; 
101, 0.56; 4.90, 0.60; 6.01, 0.62; 6.80, 0.66; and 10.1. 0.67. Treatment of 
the initial rising portion in terms of SL and SLa complexes gives Kn = 
l200A/- l andK 12 = 50M" 1 . 

The kinetic method used to study this system is based on the inhibitory 
effect of cyclodextrin on the rate of alkaline hydrolysis of methyl cinna- 
mate. Scheme I shows the assumed kinetics. 

*s 

S + OH" products 



SL + OH- 



- products 



*13 



SLo + OH" —►products 
Scheme I 

Tne following equations then are readily derived, as was shown previously 
(ft, 7): 



= (L] + 



S,(K 1 i|L| + 2K„K 12 [LP) 



l + Kii(L] + K„K 12 [L] 2 
*s l + KnlLl+KnKxJLP 



(Eq.3) 



(Eq.4) 



where U is the total ligand concentration, (L] is the free (uncomplexed) 
Utand concentration. A s is the apparent second-order rate constant in 
the presence of ligand. q u = 1 - *n/*s, and qu e 1 - *ii/*s- It is not 
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Figure 5— Solubility study of the benzalovetonr-a-cyrludextrin system 
«25°. Thr xtlubiiuyof benzalacetone ai L x * 
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Figure 4 — Change in absorbance at 29 J nm in the benzalacetone- 
a -cyclodextrin system with a path length of I cm. a total substrate 
concentration of 4.39 X W~ b M, and a pH of 2.3. 

practical to obtain an expression for k s as an explicit function of Li. so 
a curve-fitting procedure is used. Figure 6 shows the kinetic data: the 
smooth line was calculated with Eqs. 3 and 4. taking K n = 1200 Af" 1 and 
K 12 » 50 M~ 1 (from the solubility study) and treating q 1 1 and q t2 as ad- 
justable parameters. The method is used to assign reasonable values to 
|L| and to calculate corresponding values for L» and h's for comparison 
with the experimental results. The line in Fig. 6 was obtained using q u 
= 0.75 and flu" 0.86. 

DISCUSSION 

Complex Stoichiometry and Stability— Each substrate was inves- 
tigated by two experimental techniques because such comparative studies 
have been effective in elucidating stoichiometric relationships (1.7). The 
important pieces of information are the isosbestic point behavior, the 
solid phase compositions, and the quantitative consistency between the 
two methods. The essential conclusion is that solutions of a -cyclodextrin 
with 3.5-dimethoxycinnamic acid can be described fully in terms of 1:1 
complex formation whereas the benzalacetone and methyl cinnamate 
systems require 1:1 and 1:2 stoichiometric for their description. 

The shapes of the solubility curves for benzalacetone and methyl 
cinnamate have not been explained fully. In systems containing 1:1 and 
1:2 complexes, there are several possibilities for solubility behavior: to > 
the solubility of SL will be reached first. (6) the solubility of SL? will be 
reached first, (c) the solubilities of SL and SL2 will be reached essentially 
simultaneously, and id) SL and SLj will form solid solutions. Case a is 
observed with cinnamic acid and apparently does not apply here <1>. 
Cases b and c both require, as argued previously (6), that x L = 0.67 at the 
point terminating the plateau; hence, these cases do not account for the 
solid phase analyses. The formation of a solid solution from solid SL and 
SL2 does not seem unlikely if these are inclusion complexes; X -ray evi- 
dence for solid cyclodextrin complexes with channel-like structures was 
reported (8, 9). This reaction decreases the number of solid phases by one: 
then upon depletion of solid S, only one solid phase remains (the solid 
solution), and the constraint on S t is removed. 

The q u and o l2 values obtained from the kinetic analysis may be in- 
terpreted as the fractional decrease in reactivity of the complexed sub- 
strate relative to the uncomplexed substrate. If the system actually 
contains two isomeric 1:1 complexes, then Qu is a weighted average of 
the corresponding quantities for the individual complexes (7). It is quite 
possible for one of these quantities to be positive (k u < *s) wbile the 
other is negative (k u > k s h The value of Q12 seems somewhat low 
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Figure Apparent second-order rate constants for methyl cinnamate 
hydrolysis as a function of the a-cyclodextrin concentration; the rate 
constant at L x - 0 was 8.33 X 10~ 2 M* 1 sec~ l . 

(complete inhibition, qu = 1, is anticipated for the fully included sub- 
strate); however, as Fig. 6 shows, considerable uncertainty (at least 10%) 
may be associated with this value because of imprecision in the rate data. 
Table I summarizes the stability constant findings for these sub- 
strates. 

Stoichiometric Model of Complexing— As a framework for de- 
scribing and explaining complex stoichiometry and stability in these 
systems, the following argument may be useful. Let h-H represent the 
cyclodextrin (host) molecule, the lower and upper case letters indicating 
that the two ends of the cavity are structurally different, and let g-G 
represent a linear nonsymmetrical substrate (guest) molecule. Then all 
possible 1:1 inclusion complexes may be represented as follows, where 
it is assumed that, within each orientation, the energy distribution of 
positional isomers is narrow so that only a single complex need be con- 
sidered: 



1:1 complexes 


symbol 


g-G 




h-H 


gH 


g-G 


H-h 


gh 


G-g 


h-H 


GH 


G-g 




H-h 


Gh 



It also is possible, in principle, to form 2:1 and 1:2 inclusion com- 
plexes: 



2:1 complexes 
g-G G-g 

H-h 
g-G g-G 

H-h 
G-g g-G 

H-h 
G-g G-g 

H-h 

1:2 complexes 
g-G 
h-H h-H 



g-G 
H-h h-H 

G-g 
h-H H-h 

G-g 
H-h H-h 



symbol 

HGGh 

HGgh 

Hggh 

HgCh 
symbol 

gHhG 

ghhG 

GHHg 

GhHg 



Now suppose that, for the systems being considered, no 2:1 complexes 
exist. In the present study, there was no necessity to invoke S 2 L com- 
plexes, and there appears to be no literature report of S?L complexes with 
a -cyclodextrin. Then it is reasonable to infer that the guest molecule can 
enter only one end of the host. As a consequence of this inference, there 
can be only two 1:1 complexes and only one 1:2 complex. For example, 
suppose only the H end of the host can be entered. In this case, the only 
possible complexes are gH, GH. and GHHg. The model thus has led. for 
this experimental case, to a great simplification of the stoichiometric 



Table (—Stability Constants for a-Cyclodextrin Complexes «, 



Substrate 






Cinnamic aod 0 


2260 




Cinnamate ;on° 


110 


15 


•LvDimelhoxycinnamic jcid 


1965 


0 


Benzalacetone 


105 


15 


Methyl cinnamate 


1200 


50 



J From Ret 

possibilities. Other special cases of the general model can be describe^ 
but are not required in this treatment. 

It is known (7) that the observed Kn value obtained from any exper 
i mental technique is the sum of the stability constants for all isomeric 
1:1 complexes: hence, for the case being considered: 

s KgH + Kgh (Eq. 5, 

To carry the analysis further, the assumption is made that the 1:2 complei 
is formed by adding a host molecule to a 1:1 complex without perturbing 
the structure (or energy) of the 1:1 complex. The 1:2 complex can be 
formed via the gH route (Scheme II) or the GH route (Scheme III). 

gH + h-H £± GHHg 
Scheme 11 

GH + h-H £± GHHg 
Scheme III 

The observed stability constant for 1:2 complex formation therefore a 
given by: to 



[GHHg] 



([gH] + |GH))[h-H] 



which becomes: 



AC 12 = 



K'K m 



(Eq. 6) 



(Eq. 71 



The assumption that addition of the second host molecule does not 
perturb the preformed 1:1 complex structure is equivalent to assuming 
K ' = AC gh and K" = K ,h; thus: 



(Eq. 8) 



With Eqs. 5 and 8, K tH and K G h can be evaluated 5 . 

Table II lists K fH and K G h values for the substrates of Table 1. The 
assignment of symbols is arbitrary. Because of the structural likenesses 
among the members of this series of substrates, it seems reasonable to 
attribute all larger values to one mode </Cgh) and the smaller constants 
to the other (K tH ) 




0 
I 



=CH— C— OH 



u 

<^^— CH— CH— I 



— CH, 



0 

CH—CH— C— OCH 3 

m 



Interpretation of the data for these substrates ( I— 1 1 1 > in terms of the 
model suggests that the two isomeric 1:1 complexes are formed by in- 
clusion of either the side chain or the phenyl ring in the cyclodextrin 
cavity. Molecular models indicate that the disubstituted phenyl ring of 
I cannot penetrate the ligand cavity, hence, the stoichiometric model 
predicts that one of the isomeric 1:1 constants will be zero and. therefore, 
that K 12 = 0. This behavior is observed; therefore, the assignments in 
Table II signify that Kqh describes binding of the side chain whereas 
describes binding of the phenyl ring. A further prediction is that Kcm 
for I should be very similar to that for cinnamic acid, as is seen. 

5 Equation 8 can be written as i/K xl - UK^t ♦ 1/Kc* the 1:2 di 
constant is equal to the mm of the 1:1 dimociMUoa constants. 
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Taftfe II— Calculated tumeric 1:1 Subility ConiUflts' 



Substrate 


Kch, AT 1 




.'lonamic acid 
t'tonamate ion 

>Dimethoxycinnamic acid 
Bessalacetone 
Methyl cinnamate 


2199 
92.1 

1965 
86.9 

1148 


61.5 
17.9 
0 

18.1 
52.3 


• Calculated with Eqs. 5 and 8 from the data in Table 1. 



All substrates in Table II other than 1 evidently offer the possibility 
.f binding at both sites, so significant values of both Km and Xu are 
anticipated and observed. Since the model has no provision for substit- 
jeot effects, it does not provide quantitative predictions for these sub- 
strates. The advantages of the model are in transforming a potentially 
very complicated system into a fairly simple one on the basis of experi- 
mental observation and reasonable approximations and in providing 
qualitative stoichiometric predictive ability and a means for deriving 



4 > 




1 » 



0 12 3 4 
M. D 

Fkfttre 7— Plot of log Kch (O) and log K gH O against the substrate 
tipoie moment for II (n - 3.34 D), III 0* « 1.95 D), and cinnamic acid 
a • 1.31 D). Dipole moments are from Ref. 10. The lines have no theo- 
"etiea/ significance. *• 



quantitative estimates of isomeric stability constants when certain as- 
sumptions are met. 

Dipole Moment Correlation—The stability constants for the sub- 
strates in Table II. particularly Kch. vary more than might be expected 
based on the apparent structural similarity of these compounds. The 
behavior of benzalacetone, in particular, seems anomalous. However, the 
constants in Table II for II, III, and cinnamic acid correlate well with the 
substrate dipole moment, as shown in Fig. 7: the larger the dipole mo- 
ment, the smaller is the stability constant. This behavior is consistent 
with the view that the interior of the cydodextrin cavity is less polar than 
the surrounding aqueous medium: hence, the more polar the substrate, 
the less is its tendency to partition into the ligand cavity. 

The relative slopes of the plots for Kch and K,h in Fig. 7 substantiate 
the structural assignments of these quantities, the more sensitive quantity 
(Kch) representing the side chain upon which the structural change is 
made and, therefore, responding more to the change than does K %Ht which 
describes binding far removed from the structural alteration. That the 
constant assigned to the side chain, which is the more polar end of the 
substrate molecule, is larger than that for the phenyl ring may seem in- 
consistent, but the comparison overlooks other factors, particularly the 
sizes of these two binding sites. 

The cinnamate- ion system is qualitatively consistent with this inter- 
pretation. The essentially identical stability constants for cinnamate and 
benzalacetone suggest that a methyl ketone may be a good model for the 
polarity of a carboxylate ion. 
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